We have studied the relationship between the nuclear (high-resolution) radio emission, at 8.4 GHz (3.6 cm) and 1.4 GHz (20 cm), the [O IV] λ25.89 µm, [Ne III] λ15.56 µm and [Ne II] λ12.81 µm emission lines and the black hole mass accretion rate for a sample of Seyfert galaxies. In order to characterize the radio contribution for the Seyfert nuclei we used the 8.4GHz/[O IV] ratio, assuming that [O IV] scales with the luminosity of the AGN. From this we find that Seyfert 1's (i.e., Seyfert 1.0's, 1.2's, and 1.5's) and Seyfert 2's (i.e., Seyfert 1.8's, 1.9's, and 2.0's) have similar radio contributions, relative to the AGN. On the other hand, sources in which the [Ne II] emission is dominated either by the AGN or star formation have statistically different radio contributions, with star formation dominated sources more "radio loud", by a factor of ∼ 2.8 on average, than AGN dominated sources. We show that star formation dominated sources with relatively larger radio contribution have smaller mass accretion rates. Overall, we suggest that 8.4GHz/[O IV], or alternatively, 1.4GHz/[O IV] ratios, can be used to characterize the radio contribution, relative to the AGN, without the limitation of previous methods that rely on optical observables.
INTRODUCTION
Active galactic nuclei (AGN) are among the most powerful objects in the universe with an extraordinary amount of energy released from their unresolved nuclei. Active supermassive black holes (SMBH) in the center of these galaxies are responsible for the tremendous diversity in their observed energy emission (e.g., Rees 1984; Sanders et al. 1989; Peterson & Wandel 2000; Peterson et al. 2004) . Despite the fact that the unified scheme of AGN has been able to explain the observed type I/II dichotomy (see Antonucci 1993 , for a review), it is clear that by looking at different wave bands there are additional parameters that can complement our current understanding of AGN classification other than to be attributed solely to a viewing angle difference (e.g., Maiolino et al. 1997; González Delgado et al. 2001; Buchanan et al. 2006; Meléndez et al. 2008b ). Therefore, in order to unveil and understand the complexity of these sources, ones needs to rely on multiwavelength studies. In particular, the radio and mid-infrared emissions are ⋆ E-mail:marcio.b.melendez@nasa.gov basically unaffected by dust extinction which make these energy bands ideal to investigate the nature of the "hidden" nuclear engine. On the other hand, extended radio emission and low-ionization mid-infrared emission lines are excellent tracers of star formation activity when properly calibrated (e.g., Condon 1992; Ho & Keto 2007) .
Furthermore, the strength of the observed radio emission in AGN seems to follow a bimodal distribution falling into "radio loud" and "radio quiet" sources (e.g., Miller et al. 1990; Xu et al. 1999) . Historically, the dividing criterion for the AGN radio loudness was adopted to be the ratio between the radio emission, at the most commonly used frequency of 5 GHz, and the optical continuum at ∼ 4400Å, i.e., the radio-to-optical parameter, R = Lν(6cm)/Lν (B) (e.g., Kellermann et al. 1989; Visnovsky et al. 1992) . This convention to quantize the radio loudness of a source is straightforward when the contribution from the host galaxy does not affect the observed radio and optical components of the AGN, for example in quasars, where the active nucleus overpowers the underlying galaxy. In the case of Seyfert galaxies the quantification of their radio loudness could be more subtle. Ho & Peng (2001) found that most Seyfert 1 galaxies, previously classified as radio-quiet, fall into the radio loud regime when the nuclear component for the radio-to-optical parameter is properly measured. However, even with a resolution of few arcseconds, the nuclear component of the optical luminosity could be contaminated by star formation and is strongly affected by dust extinction that may lead to an erroneous AGN characterization.
Previous multiwavelength studies have shown statistically significant correlations between the radio core luminosity and purportedly orientation-independent measures of the intrinsic luminosity of the active nuclei, which suggests a common mechanism at nuclear (subkiloparsec) scales, , e.g., accretion onto the black hole (e.g., Rawlings et al. 1989; Xu et al. 1999; Ho 2002; Diamond-Stanic et al. 2009 ). On the other hand, the correlations between extra-nuclear radio emission and the far-infrared (FIR) luminosity of the galaxy suggest a circumnuclear starburst as the common cause for these observables (e.g., Condon et al. 1982; Condon & Broderick 1988; Baum et al. 1993; Roy et al. 1998) . In this regard, early studies suggested two possible scenarios for the origin of the compact radio fluxes observed in radio quiet sources: either the radio emission is associated with a nuclear starburst or generated by relativistic electrons accelerated by a low-power jet (similar to radio loud sources), with high-resolution radio-imaging observations favoring the latter (e.g., Blundell & Beasley 1998) . More recently, the good correlation between the X-ray and the radio luminosities raise the possibility that radio emission in radio quiet sources may have a coronal origin (Laor & Behar 2008) . All these exemplify that the radio properties of the AGN are diverse and can be intimately associated with fundamental parameters of the active galaxies, such as the black hole masses, mass accretion rates, and host galaxy morphology (e.g., Xu et al. 1999; Laor 2000; Wu & Han 2001) .
Recently, Meléndez et al. (2008a) found a tight correlation in Seyfert 1 galaxies between the [O IV] λ25.89 µm and the X-ray 14-195 keV continuum luminosities from Swift/BAT observations (Markwardt et al. 2005; Tueller et al. 2008) . A weaker correlation was found in Seyfert 2 galaxies, which was attributed to the effect of Compton scattering in the 14-195 keV band. These results suggest that [O IV] is a truly isotropic property of AGNs, given its high ionization potential and that it is basically unaffected by reddening, meaning that the [O IV] strength directly measures the AGN power. This result has been later confirmed in more complete samples (Rigby et al. 2009, Weaver et al. submitted to ApJ) . Moreover, the strong correlation found between [O IV] and the high-ionization (∼97 eV) [Ne V] λ14.32/24.32 µm emission is a further argument for [O IV] being a good indicator for the intrinsic luminosity of the AGN (e.g., Dudik et al. 2009; Goulding & Alexander 2009, Weaver et al. submitted to ApJ) . It is the primary goal of this paper to examine the physical relationship between the nuclear radio emission and the mid-infrared emission line luminosities in Seyfert galaxies. We use high-resolution radio continuum measurements and the [O IV] emission line to investigate the radio loudness of the Seyfert nuclei and the black hole mass accretion rate for a sample of Seyfert galaxies. 
THE SAMPLE
We have obtained, from the literature, observations with the Very Large Array (VLA) in A-configuration at 8.4-GHz (see Thompson et al. 1980 , for instrumental details), with a resolution of 0.25 ′′ and the largest detectable size of 3.5 ′′ , for the radio quiet sources in the sample of Seyfert galaxies presented in Meléndez et al. (2008b) . This sample of Seyfert galaxies includes compilations from Deo et al. (2007) , Tommasin et al. (2008) , Sturm et al. (2002) , Weedman et al. (2005) and from our analysis of archival spectra observed with the Infrared Spectrograph (IRS) on board Spitzer Space Telescope (Werner et al. 2004 ) (see Appendix). For comparison, we also have obtained from the literature high resolution 1.4 GHz data observed with the VLA in B configuration, which has a resolution of ∼ 5 ′′ , thus only encompassing the nucleus. Figure 1 shows the good correlation between the 1.4 GHz and 8.4 GHz fluxes and the distribution of their spectral indices. The good correlation is expected as in high-resolution both fluxes are dominated by the active nucleus. One needs to consider that the spectral indices may provide a lower limit to the nuclear component, as the 1.4 GHz B-configuration fluxes could include some extranuclear emission, thus a possible contamination from star formation. In this regard, and in order to complete this set of high-resolution 8.4 GHz fluxes, we extrapolated highresolution observations at different frequencies to 8.4GHz by assuming a conservative fν ∝ ν −0.7 , as determined by the spectral indices distribution. Finally, in order to check on the effect of radio emission regions on scales bigger than that sampled by the VLA in B configuration at 1.4 GHz, we compared these data with fluxes from the NRAO VLA Sky Survey (NVSS), which has a resolution of ∼ 45 ′ ′ . We found an excellent correlation between VLA in B configuration at 1.4 GHz and NVSS fluxes, rs = 0.89, Pr < 10 −6 , that suggests that, in our sample, compact nuclear regions dominate over large-scale extranuclear emission regions.
The final sample includes 29 Seyfert 1's (i.e., Seyfert 1.0's, 1.2's, and 1.5's) and 59 Seyfert 2's (i.e., Seyfert 1.8's, 1.9's, and 2.0's), which are listed in Table 1 . There are six upper limits for the 8.4 GHz emission, two Seyfert 1 galaxies and four Seyfert 2 galaxies. Note that it was not possible to find 8.4 GHz high-resolution fluxes for all the galaxies in the sample first presented by Meléndez et al. (2008b) . The total radio luminosity, L8.4GHz ≡ νLν(8.4GHz) (ergs/s), and the different mid-infrared emission-line luminosities are calculated from the fluxes assuming Ho = 71kms −1 Mpc −1 and a deceleration parameter qo = 0. At the median redshift for the sample, z = 0.02, 1 ′′ represents ∼400 pc. Furthermore, for a full aperture extraction, Spitzer short-low (lowresolution, R∼ 60 − 127) and short-high (high-resolution, R∼ 600) slits will sample, in the dispersion direction, a region equivalent to the region sampled by the VLA in Bconfiguration at 1.4-GHz.
In order to confirm that our sample is not biased in terms of luminosities we compared the different luminosities for both the mid-infrared emission lines and the radio continuum luminosities for the two groups of galaxies. Figure 2 with the results from the Kolmogorov-Smirnov (K-S) test presented in Table 2 . This table also includes information about the numbers of Seyfert 1 and Seyfert 2 galaxies, median values and standard deviations of the mean for the measured quantities. For the 8.4 GHz continuum the K-S test returns a ∼ 82.0% probability of the null hypothesis (i.e., that there is no difference between Seyfert 1 and Seyfert 2 galaxies), or in other words, two samples drawn from the same parent population would differ this much ∼ 82.0% of the time It can be seen that Seyfert 1 and Seyfert 2 galaxies have similar distribution of values. As discussed in Meléndez et al. (2008b) , there is an apparent lack of low luminosity Seyfert 1 galaxies in the [O IV] and [Ne III] distribution, but we find this difference not to be statistically significant, as shown by the K-S test results. Moreover, the sample presented in this work spans the same range on [O IV] luminosities as the revised Shapley-Ames sample ). The good agreement between Seyfert 1 and Seyfert 2 galaxies in the radio continuum and mid-infrared emission line luminosity distributions demonstrates the isotropic properties of these quantities. In order to understand the different contributions to the radio core emission and its interaction with the narrow-line region in Seyfert galaxies we investigated the mid-infrared emission line and 8. must be taken when applying statistical analysis to data sets that contain non-detections (upper limits), or "censored" data points. In order to deal with these problems we used Astronomy SURVival analysis ASURV Rev 1.2 Lavalley et al. 1992) , which implement the methods presented in Isobe et al. (1986) . We also used a test for partial correlation with censored data (Akritas & Siebert 1996) in order to exclude the redshift effect in the correlations. A detailed comparison between the correlation coefficient for different radio-to-mid-infrared correlations is presented in Table 3 . We first considered the ratio between the radio continuum at 8.4 GHz (L8.4GHz) and the [O IV] emission line. The K-S test for this ratio returns a ∼ 8.2% probability of the null hypothesis (see Table 2 ). Therefore, the radio emission relative to the power of the AGN, as measured by the [O IV] emission, is statistically similar in both Seyfert 1 and Seyfert 2 galaxies, suggesting the isotropic property of the radio emission (e.g., Thean et al. 2001; Diamond-Stanic et al. 2009 ). This result is expected because the radio emission is expected to be unaffected by the torus. When using the generalized Spearman correlation test to compare this ratio with the [O IV] and 8.4 GHz luminosities we find no correlation with the [O IV] luminosities (ρs = 0.05; Pρ = 0.64) and a good correlation with the 8.GHz luminosity (ρs = 0.72; Pρ < 1 × 10 −6 ), see Figure 3 . These results suggest that the radio loudness of the source cannot be associated solely with the strength of the AGN. In the following section we will elaborate on the implications of this result in view of the link between radio loudness and the mass accretion rates for the AGN. From the 8.4GHz/[Ne III] and 8.4GHz/[Ne II] ratios we found that Seyfert 1 and Seyfert 2 galaxies also have statistically similar distributions. The K-S test returns a 57.3% and 81.6% Table 1 . The Infrared Sample of Seyfert Galaxies Thean et al. (2000) , (3) Kukula et al. (1995) , (4) Ulvestad & Wilson (1984a) , (5) Schmitt et al. 2009 , in prep, (6) Morganti et al. (1999 , (7) Colbert et al. (1994) , (8) Davies et al. (1998) , (9) Roy et al. (1994) , (10) Heisler et al. (1998) , (11) Roy et al. (1998) , (12) Ulvestad (1986), (13) Nagar et al. (1999) , (14) Condon et al. (1987) , (15) Becker et al. (1995) , Faint Images of the Radio Sky at Twenty Centimeters (FIRST) survey, (16) Ulvestad et al. (1995) , (17) Unger et al. (1987) , (18) Sandqvist et al. (1995) , (19) Ulvestad & Wilson (1989) , (20) Ulvestad & Wilson (1984b) , (21) Morris et al. (1985) , (22) Note: The last column, P K−S , represents the Kolmogorov-Smirnov (K-S) test null probability. Upper limits for the 8.4 GHz fluxes are not included. Note: ρs is the Spearman rank order correlation coefficient with its associated null probability, Pρ. τ represents the generalized Kendall's correlation coefficient for censored data and τp is the Kendall's coefficient for partial correlation with censored data. Pτ and Pτ,p are the null probabilities for the generalized and partial Kendall's correlation test, respectively. We also show the calculated variance, σ, for Kendall τp. We have used a partial correlation test to exclude the effect of redshift (distance) in the luminosity-luminosity correlations.
probability of the null hypothesis for the 8.4GHz/[Ne III] and 8.4GHz/[Ne II] ratios, respectively (see Table 2 ). The 8.4GHz-to-mid-infrared ratios are presented in Table 1 . Because Seyfert 1 and Seyfert 2 galaxies have statistically similar radio emission, relative to the strength of the AGN, we separated our sample in two new groups: 1) AGN and 2) star formation dominated sources, by following our previous study on the AGN and star formation contribution to the [Ne II] emission line (Meléndez et al. 2008b) . In this new scheme, sources with more than 50% contribution from the AGN to the [Ne II] emission line are considered to be AGN dominated and sources with less than 50% contribution from the AGN to the [Ne II] emission line, or alternatively, more than 50% contribution from stellar activity to the [Ne II] emission are star formation dominated. One must note that in active galaxies with strong star formation, the From this new classification we found that, star formation and AGN dominated sources are statistically different in their radio emission relative to the AGN. The K-S test for the 8.4GHz/[O IV] ratio returns a ∼ 0.1% probability of the null hypothesis, i.e., indicating that star formation and AGN dominated galaxies are from different populations. Figure 4 shows the distribution of values for the L8.4GHz/L [OIV ] ratio for Seyfert 1 and Seyfert 2 galaxies, as well as for AGN and star formation dominated sources, where the differences in distributions can be clearly seen. On the other hand, the K-S test returns a 11.9% and 10.2% probability of the null hypothesis for the 8.4GHz/[Ne III] and 8.4GHz/[Ne II] ratios, respectively (see Table 4 ). Meléndez et al. 2008b ).
THE RADIO-TO-MID-INFRARED RADIO LOUDNESS DIAGNOSTIC
By looking at the mid-infrared and radio correlations in terms of the dominant source of the [Ne II] emission, we can investigate on the relationship between the radio emission and the nuclear activity. is more radio loud than estimated via standard radio-tooptical estimates.
In order to determine if star formation activity may contaminate the nuclear 8.4 GHz emission we proceed to estimate the 8.4 GHz emission associated with the star formation rates (SFR). For the SFR we adopted the values derived from the stellar component of the [Ne II] emission (Meléndez et al. 2008b ). Then we used the calibration found by Schmitt et al. (2006) between the SFR and the 8.4 GHz emission. This calibration includes both the thermal and non-thermal SFR radio contribution (see Table 5 ). From this we found that the SFR overpredicts the observed 8.4 GHz A G N D o m i n a n c e S t a r F o r m a t i o n D o m i n a n c e GHz sample a more compact region than that from the short-low and short-high resolution Spitzer slits, from which we extracted the [Ne II] emission. Therefore, the 8.4 GHz emission derived from the [Ne II] SFRs, represents an upper limit for the star formation contribution, if any, to the radio emission at 8.4 GHz. On the other hand, the SFR underpredicts the 8.4 GHz emission for 6 out of 9 of the sources in the star formation dominated region. For these six sources, stellar activity cannot be solely responsible for the observed radio excess because it can only account for a contribution as little as ∼ 2% and no greater than ∼ 40% of the observed flux, even when including the radio contribution from the extended star formation associated with the [Ne II] emission. One must note that the estimated SFRs represent a lower-limit as we neglect the stellar [Ne III] contribution (see Meléndez et al. 2008b , for discussion). However, all these sources have weak [Ne III], compared to the [Ne II] emission, hence the SFR will not be significantly affected nor the estimates for the radio emission. Ho (2002) found an intriguing anticorrelation between the radio loudness of the galaxies, given by the radio-tooptical parameter, and the Eddington ratios, L bol /L Edd , where L bol is the bolometric luminosity and L Edd is the Eddington luminosity 2 . In general he found that galaxies with Eddington ratios < 10 −5 are in the radio loud territory, while galaxies with Eddington ratios of > 1 are in the radio quiet regime. In order to investigate this dichotomy we first need to estimate L bol . Heckman et al. (2004) first suggested that the luminosity of [O III] 5007Å can be use as a proxy for the bolometric luminosity. In this regard, and by extending this analysis into the mid-infrared, Dasyra et al. (2008) found that L [O IV] is related to the 5100Å continuum luminosity for a sample of reverberation-mapped AGN. (Meléndez et al. 2008b) . We adopted the calibration found by Schmitt et al. (2006) between the SFR and the 8.4 GHz emission.
From this and by using an estimate for the correction between the bolometric luminosity and the optical luminosity, L bol ≈ 9λL λ (5100) (Kaspi et al. 2000) , they determined a scaling factor of 4500 between L bol and L [O IV] with a variance of 0.5 dex. Because [O IV] is less sensitive to reddening corrections and is less contaminated by star-forming regions, by using L [O IV] as a bolometric luminosity indicator we can avoid the limitations of the L [O III] method. However, caution must be taken as for any of these methods the assumption is that the luminosity from narrow emission lines represents the same fraction of L bol for all AGN. Moreover, the bolometric correction could be a function of the source luminosity and/or redshift (Netzer et al. 2006) . In order to calculate the Eddington luminosity we searched the literature for black hole (BH) masses, and found 81 BH masses for our radio sample. For the sake of uniformity, most of the values for the BH masses were calculated by using the relationship between the black hole mass and the stellar velocity dispersion found by Tremaine et al. (2002) , except when noted in Table 1 . Previous studies have suggested an uncertainty of 0.3 dex for the BH masses (e.g., Ho 2002), however a more conservative uncertainty of 0.5 dex may be more appropriate for relatively low mass BH (MBH < 10 7 M⊙). One must note that the range for the normalized accretion rate, L bol /L Edd , in our sample is in agreement with the range of values found for the radio quiet sources presented in Ho (2002) . The Eddington ratios, L bol /L Edd , are presented in Table 1 .
In Figure 8 we show that a number of star formation dominated sources have smaller Eddington ratios in agreement with the radio excess observed in the star formation dominated region in the [O IV]-8.4 GHz correlation. There is certainly a trend of the Eddington ratios decreasing with increase radio loudness for star formation dominated sources, but this correlation is not statistically significant with this trend been dominated by the sources in the star formation dominated region. Also, there is an inherent scatter because of the uncertainties in the BH mass estimate. Nevertheless, these results show that star formation dominated sources with the bigger radio contribution, i.e., sources in the star formation dominated region, have smaller mass accretion rates. In this regard we also examined the dependence of the [O IV] luminosity on black hole mass (see Figure 9 ). From this comparison it can be seen that star formation dominated sources tend to have smaller accretion rates. Although the scatter is very large, there is a trend of L [OIV ] increasing with MBH . Using the radio-to-mid-infrared ratio, 8.4GHz/[O IV], we found that star formation dominated sources are, on average, ∼ 2.8 times more radio loud than AGN dominated sources (see Table 4 ). This ratio has the advantage of classifying galaxy radio loudness without star formation contamination and/or dust extinction in the determination of the optical luminosity. On the other hand, the galaxy radio loudness determined from the 8.4GHz/[Ne III] and 8.4GHz/[Ne II] ratios could be a closer match to the historically radio loudness parameter, R, because these fine-structure lines of neon could be affected by star formation contamination, especially in weak or lowluminous AGN. Moreover, in some AGN, the observed [Ne V]14.32 µm/[Ne V]24.32 µm ratio seems to fall below the low-density limit, implying a wavelength dependent extinction in the mid-infrared, with stronger extinction at shorter wavelengths (e.g., Dudik et al. 2007; Goulding & Alexander 2009) , suggesting that [Ne III] and [Ne II] could be more affected by dust extinction than [O IV], attributing the statistical differences between radio loudness in AGN and star formation dominated sources observed with these ratios.
Overall, we found a good correlation between all the mid-infrared lines and the 8.4 GHz luminosities in AGN dominated sources. On the other hand, the correlations for star dominated sources seems to be strongly affected by the distance as these correlations are not statistically significant when using a partial correlation test with the effect of redshift excluded (see Table 3 ). These results suggest that the nuclear 8.4 GHz radio emission cannot be associated directly with the intrinsic power of the AGN, as measured with [O IV] , in sources that are dominated by star formation, or alternatively in low-luminosity AGN, nor can it be associated with star formation emission, because the SFRs for most of these sources underpredict the observed 8.4GHz luminosity (see Table 5 ). This may argue in favor of an advection dominated accretion flow (ADAF) model for the accretion disk (e.g., Narayan & Yi 1994) . In this model, the low accretion rates for the infalling material may never form a thin disk because of inefficient cooling, with the main coolant process being cyclo-synchrotron emission, which result in a compact radio emission source that is faint in other wavelengths, providing an alternative to low-power jets models in radio quiet sources. The accretion rates for some sources in the star formation dominated region are sufficiently subEddington to support the ADAFs accretion models,e.g., lowluminous sources with a bright nuclear radio emission (see Table 1 ). Previous studies have suggested ADAF-type accretion flow models to explain the sub-Eddington accretion nature of two of the more extreme sources presented in this work, NGC 2639 and NGC 7213 (e.g., Terashima & Wilson 2003; Starling et al. 2005) . Our results support this scenario in light of the observed radio "excess", compared to the intrinsic power of the AGN, as these are the most radio loud sources in our sample (see Table 1 and Figure 8 ). One may consider that star formation dominated sources could have a greater amount of fueling material in their nuclear regions, contrary to the ADAFs accretion models, but as we have mentioned before, sources with higher star formation contributions to [Ne II] do not necessarily have high SFR.
Finally, we compared the radio-to-mid-infrared parameter by using VLA B-configuration radio flux densities at 1.4 GHz and the mid-infrared emission lines, between AGN and star formation dominated sources. As we mentioned before, to estimate the radio contribution from the AGN one needs to use high angular resolution data, which are less contaminated by star formation from the host galaxy, except for the nuclear stellar activity. However, caution must been taken because at 1.4 GHz the region sampled by the VLA B-configuration could be contaminated by star formation in the circumnuclear region (within the inner few kpc). However, when comparing the shape of the SED between 1.4 GHz and 8.4 GHz emission we found that the K-S test for the spectral indices distribution, between AGN and star formation dominated sources, returns a ∼ 51.1% probability of the null hypothesis. This result suggest that stellar activity is not the leading effect that drives the radio core correlation, as we found previously with the 8.4 GHz emission or, in other words, the high-resolution radio images at 1.4 GHz and 8.4 GHz are, on average, dominated by the active nuclei. Moreover, Meléndez et al. (2008a) suggested that because its high ionization potential the [O IV] emission is well within the Spitzer aperture on scales of less than a few hundreds of parsecs, typical of the NLR. From the 1.4GHz/[O IV] ratios we found that star formation and AGN dominated sources are statistically different in their radio loudness. The K-S test for this ratio returns a ∼ 0.2% probability of the null hypothesis with star formation dominated sources more radio loud by a factor ∼ 3 than AGN dominated sources, in close agreement with our previous finding using the radio core emission at 8.4 GHz. On the other hand, the K-S test returns a 18.9% and 12.3% probability of the null hypothesis for the 1.4GHz/[Ne III] and 1.4GHz/[Ne II] ratios, respectively (see Table 4 
CONCLUSIONS
We have investigated the relationship between the radio emission and the ionization state of the emission-line gas in Seyfert galaxies with the aim to understand the connection between the radio loudness and the ionizing luminosities of the AGN. We used the [O IV] emission line to estimate the intrinsic power of the AGN and high-resolution 8.4 GHz emission to characterize the radio core power. From this we defined a radio-to-mid-infrared parameter, 8.4GHz/[O IV], to identify the radio contribution from the Seyfert nuclei. We found that Seyfert 1 and Seyfert 2 galaxies are statistically similar in their radio emission, relative to the strength of the AGN. On the other hand, when separated by the dominant source of [Ne II] emission, we found that two groups, AGN and star formation dominated sources, are statistically different in their radio loudness. We found that sources with strong star formation, relative to the strength of the AGN, or alternatively weak AGNs, tend to be more radio loud, by a factor of ∼ 2.8, than AGN dominated sources. Furthermore, in the 8.4GHz-[O IV] correlation, sources in the star formation dominated region have lower mass accretion rates than the rest of the sample. This result is in agreement with the anticorrelation found by Ho (2002) between the radio loudness and Eddington accretion rates. Given the sub-Eddington nature of the more radio loud sources in our sample, sources in the star formation dominated region, one can invoke advection-dominated accretion models to explain their bright compact radio emission and a low-luminous nucleus both consistent with their high radio-to-mid-infrared parameter.
We also found that high resolution 1.4 GHz emission could also be used as a reasonable proxy for the AGN radio contribution. When using the 1.4GHz/[O IV] ratios we found that sources in which the [Ne II] emission is dominated by the stellar activity, or alternatively weak AGNs, tend to be more radio loud, by a factor of ∼ 3.0, than AGN dominated sources, in close agreement with the radio loudness characterization using the radio core power at 8.4GHz. When comparing the observed 8.4 GHz and 1.4 GHz highresolution core emission in our sample of Seyfert galaxies we found a strong linear correlation, suggesting that the core radio emission is dominated by the active nuclei with a spectral index of fν ∝ ν −0.7 . We found the spectral index distribution, between 1.4 GHz and 8.4 GHz, for Seyfert 1 and Seyfert 2 galaxies and for AGN and star formation dominated sources to be statistically similar within the groups.
We suggest that the radio-to-optical parameter, R, used to classify galaxy radio loudness may erroneously quantize the radio contribution in galaxies with strong star formation or alternatively, weak AGNs, in which the optical luminosity may be contaminated by star formation and/or suffer from dust extinction. Instead, we found that a radio-to-midinfrared parameter, 8.4GHz/[O IV], is a better probe for the radio loudness of the galaxy, as it is basically unaffected by star formation contamination and is less affected by extinction than optically dependent diagnostics.
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